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OPTICAL MEASURING DEVICE 
FIEX-D OF THE INVSNTION ANP H^UTED ART 




TTii 1nv«nf.ion relaLes yeuerally to a 



5 measuring devicw and, mure paiticul&rly r to a 
measuring device suitable to measurement of an 
optical characteristic auch ae a refloat! vi ty or 
trsnemissivity, for example, of an optical Qlemoni 
to be used with X-rays , soft". X-rays, or EUV light 

LO ( eA Lryme ultraviolet light) , for example. 

Recently, many proposals have been made 
a.n regard to somi conductor device manufacturing 
apparatuses designed to be used with light of 
extremely short wavelength such as X rays f soft X • 

IS raye, or EUV light, for example. In order to moot 
this, many proposals nave been made in respect to 
measuring duvices for measuring optical 
charactearistics of optical elements to be used in 
cuch manufacturing apparatuses • 

2u a.s an example of measuring device for 

evaluating tho property (physical or chemical 
property) uf a sdiuple by irradiating the sample 
with soft X rays / there is a measuring device for 
measuring the reflectivity of a mirror or 
25 transmissivi ty of a filter. More specifically, in 
such measuring device, monochromatic light, that 
is, liyhL of single wavelength, is projected upon 
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a .sample, and the inLeutsiLy uf light reflected by 
or transmitted through the sample is measured. 
Other examples are measuring dcvioce euoh ae 
photoelectron spQctromotric device / fluorescence 
5 x-ray analyzer, and eta. which are measuring 
dfesviuttss fui' daLauLiug interaction between the 
light and the sample, and they are used in many 
varieties of f ieldc . 

Figure 1U is a schwnauc view of a 

10 reflectivity measuring device designed Lo be used 
with licrht of extremely short wavelength . The: 
mcacuring device compriocc a light courcc 1, a 
spectroscope MC , a condensing optical system 4, an 

, incident light in Lentil Ly muni Lux" MO, and a sample 

IS chamber TR, for example. The light source 1 may 
comprise synchrotron radxation light or laser 
pl^Kma light- .sou re.*, for $y?Tnpl<?, Tb$ light 
source 1 does no L emi L lighL of single wavelength 
but it emits continuous spectrum liaht. 

The cpootrocoopc MC oomprioco a prc- 
mirror 2, an entrance slit «i, a diffraction 
grating ?\ , j^nd *n exit slit 32, for example. It 
has a monochrome function fur ejt Ltdu Liny liyhL or 
single wavelength, out of the continuous -spec trum 

- ; b light omitted from the light source 1. Also, the 
wavelength to be extracted can be set ae desired 
in snmrdanne with' thp mo^suremcint condition, and 



tho wavolongth c»n t>© scanned w1 th1 n ^ 
prficlRterminBd widLh, duj-iny the measurernerit 

The condensing optical oyetcm 4 
comprises a concave mirror (post-mirror) , tor 
QxamplQ, and it has a function for concentrically 
projecting the monnr.hromatic light to a small 
region on the sample 3a. 

The intensity of light emitted from 
synchrotron radiation or laser plasma light souroo 
changes with time. More specifically, in the case 
of synchrotron light source, the amount of 
accumulated electrons decreases with time, and 
thus th6 intensity of light to r>e emitted 
decreases with time . In the case of laser* plasma 
licrht source, the intensity of licrht to be emitted 
changes in response to a change in temperature, 
density or surface state of a target. further, 
even a fcjmall change in Lhe iiiLexifciiLy of laeer for 
exciting the laser plasma causes a large change in 
the intensity of light to be emitted. 

The spectroscope MC comprises optical 
components such as diffraction grating 3, 
reflection mirror ? ?nd slits SI and 52 . If the 
position or attitude of these optical elements 
changes, the emission position or intensity of the 
light to £>q emitted theretrom changes. Such 
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change in position or affi tnHR of the optical 
elteiiitiii Ls may be caused by vibration of the floor 
where the apparatus ia mounted or by a change in 
$ envi r onmcn t / temperature , 

b Ouq to these factors, the intensity of 

light projected xipnn the* R^mpl r Sa is not cons i.an h 
but it is chdngecible . Ia order to measure the 
interaction between the light and the sample 
accurately, it is a roquieition to monitor the 
10 intensity of light proj«5Ct<?d upon tb<? 5?mpl<?, 

Here, the device to this end ia refex*r«d Lo a.s 
"beam intensity moni tor" or "incident liqht 
intensity monitor''. The beam intensity monitor MO 
h^s 3 fnnr.tinn for di virli ng jr b(?am into plural 
15 beams , and it includes means for detecting the 
beam intensity while uaing one of the divided 
beams as a reference beam , 

Tn th<=» wrvp! pngth region or x-rsys or 
HUV light, as regards the beam intensity monitor, 
2 0 there is a difficulty in relation to uainq a beam 
splitter such as a halt mirror or a prism/ for 
example, used in a vlsiblo light region as an 
Rlfimonh having a funnhlnn for di vi rii ng a beam into 
plural bedLlutJ . For Lhis reaiion, conventional hR^rn 
25 intensity monitors have included a sensor with a 
holo or a mesh -type detector. This is a detector 
such as a micro-channel plate or photodiode of a 
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shapo having a hoi' , and a light b«??Tn or * si 7» 
larger than Lhe hole la prujeuLed to the hole 
pusi tiou , The projected beam ic divided into a 
f y beam passing through the hole and a beam obeorbed 

b by a portion surrounding the hole- The beam 
passed through th« hole irradiates the sample, 
while the absorbed haam is datectod by the 
detector with respect to the intensity. Here, 
this detector is referred to as a first detector 7. 

10 Tho sample chamber tk accommodates a 

stage for setting tjie sample Sa at desired 
position and angle with respect to the incident 
beam, and a second detector 8 for measuring the 
intensity of light passed through the sample or 

10 reflected by Lhe aurfdcy uZ the sample. Also, Lhe 
sample chamber is provided with a function for 
evacuating the inside thereof into a vacuum, to 
^vnlrl sb?orpt 1 on of light. 

The itif leuti vi Ly . tuway ui'Wiuen I fur d 

20 sample Ga is carried out in accordance with the 
following procedure . 

without a sample Sa introduced, the 
light, intensity is measured by use of the second 
de Lector 8, The. value obtained here is denoted *s 

25 3120. Simultaneously, the light intensity is 
detected by use of, the first detector 7. The 
value obtained is- denoted as SllU. 
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SuhsRquen Lly , with a sample Sa 
introduced, the intensity of light reflected by 
the sample i3 detected by ucc of the second 
detector 8. The valued obUin^d is denoted as 

5 S121, simultaneously, the light intensity is 
flfat.ftp.hfid by use of LUe first detector 7 of the 
incidence light intensity monitor MO. The value 
obtained is denoted ac Sill. Here, the 
reflectivity R of the sample is calculated by: 

0 r = (SI 21/.S120) x (Slio/Slll) 

The second term "SllO/slll" is for correction of a 
change in light intensity of the light source. If 
there is no change in light intensity, the 
reritsuLi vi ty can be calculated as: 

5 R - S121/S120 

A© described above, in the beam 
Intensify monitor of nnnvpntinnal mR^Riiring 
devices , cuituAig Lhw lighL projected, the light 
havinq passed through a hole is projected upon the 

0 cample while the light intensity of the light 
blocked by a portion surrounding the hole is 
me^ -s v> red . 

However, there is a possibility that 
the position, the size or the intensity 
b distribution of cl beam emitted from a epcotroecopc 
changes due to a change 'in position of the light 
s ourr.fi or in size* of the light emitting portion 
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thprpof , r change in emission <angle, or a change 
in position or angle of an optical element in the 
spectroscope such as diffraction grating, mirror 
or elit. 

5 Therefore, in the case of the beam 

intflnsihy moiii Lor ul Lh« conventional measuring 
device shown in Figure 12 , if the position or size 
o£ the beam relative to the hole of tho first 
detector 7 changes or tho light intensity 

n di stribntion within the beam changes, iL rasulLs 
in a change in the measured value. 

For example f if a uniform boam of a 
diameter 1 mm is detected by the f1 rst detector 7 
having a hule didiutf Ler 0.8 uuu , 36% uf the iuuideut 

S beam is detected by the first detector while 

remaining ie pro]cotod upon the sample Sa. 

Hpri?, if" the beam tii ampfpr r.hangpR to 0.9 mm with 
Lhe beam iuLeiisiLy uiich<suigfcid, about 21% uf Lhe 
incident beam is detected by the first detector 7 

0 and remaining approximate 79% ie projootcd upon 
the ssunple. Although the intensity of light 
i rr^rii^ti ng the samplp innroasRS 1.7.3 timftR, 

the beam intensity detected by the first detector 
7 reduces 0,58 times. Namely, if the beam size 

b changes , it causcc an error in the mcacurcmcnt . 

Further, where the intensity 
distribution of the bR^m is not uniform, a r.hangR 
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in positional rpl ahionship between the beam and 
Lhe hole of the first detector or- a change in the 
v intensity distribution cauccc a measurfimsnt Qrror . 

t 

" ° SUMMA RY OV THK INDENTION 

Tf. i k acjcurdiiiy ly an object of the 
present invention to provide a measuring device by 
which at least one of the inconveniences described 
above can bo eolved and by which the optical 

10 characteristic of *n optical element, (subject to 
be measured) can be measured very precisely 
regardless of a change in the radiation intensity, 
beam sizq or beam intensiry distribution, for 
pxsmplfl, of a llyliL source, 

15 In accordance with an aspect of the 

present invention, to achieve abovo-doscribad 
object, a measuring d<?vi r.p 1nn1ud«s a beam 
intfinsity monitor in which «au incident light flux 
from a light source is diffracted by a diffraction 

2 0 grating and ip divided thereby into plural light 
tluxes. A prgdgtormined light flux of th<& plural 
light fluxes is directed through Lh« yubjweL of 
amasurtjjiiHiiL to a second detecting device, while a 
light flux different from the predetermined light 

25 flux is directed to a reference light detecting 
pho todo toctor , whereby the intensity of the 
incidence light from the light source is measured. 
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with this arrangement-, evpn if the liyhL flux fiom 
t.he liyhL source changes , since the intensity of 
the light fluac from the light source can be 
jf' specified oimultanaouely, the optical 

b characteristic of the subject of measurement can 
foes measured exactly. 

Thetie and other objects, features and 
advantages of the present invention will bcoomo 
more apparent upon a consideration of the 
J. 0 following description oT th« prflfftrred cunbodimen Ls 
of the preseuL invention taken in conjunction with 
the accompanying drawinqs, 

BRTKK nF.SCHTPTTON OF THE DRAWINGS 

15 Figure 1 is a schematic view of a main 

portion of a first embodiment of the present 

inventi on . 

FignrR 2 is an enlarged and scheiuaLic 
view of a portion of Figure 1. 
2 0 Figure 3 is on enlarged and ochematia 

vzew ot a portion of k'iguro 1 . 

Figure 4 is an enlarged and schematic 
vi^w or a portion of Figure 1, showing a different 
form. 

- 5 Figure 5 13 a schematic view of a main 

portion of a ecco^d embodiment of the present 
invention . , 
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Figure 6 is an enlarged <*nd gr.hfimatin 
view of ^ portion of Fiyurt! 5. 

Fiyuiy 7 is an illustration for 
explaining trhe relationship between a diffraction 
5 grating and light rays, 

Figur© 8 is an illustration for 
explaining tn<? relationship between Lhe wavelength 
did the diffraction angle. 

Figure 9 is an illustration for 
IU explaining the distraction efficiency of a blazed 
type diffraction grating. ■ 

Figure 10 is an illustration for 
explaining tbo diffraction efficiency of a biased 
type diffraction grating. 
'15 Figure 11 is an illustration fox 

explaining the diffraction efficiency of a laminar 
type diffraction grating. 

Figure 12 is a sch©matic view of 5» 
conventional ref lecjLi vi Ly measuring device. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

fret erred embodiments or* the present 
invention will now be described with reference to 
Lhe a L L ached drawings. 
25 [Embodiment 1] 

Figure , 1 is a schematic view of a main 
portion of a first embodiment of thQ prosent 
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invention , Figure 1 1 llnsf rat.RR a mRasuring 
dtviue fur measuring the reflectivity of a sample 
3a which is a multilayered film mirror in this 
example. 

b In Figure 1, denoted »t MC is a 

spectroscopy, ?nd d<?nnri^c1 at MO i k h fr«am 
intensity moni Lor (inuideiit light intensity 
monitor) , Denoted at TR is a sample chamber, and 
denoted at 1 is a light courco which comprises a 
10 laser plasma light source for omitting X-rays 
ultraviolet region . 

Denoted at 2 is a pre -mirror for 
reflectively collecting light from the light 
source 1 . Tt serves to rii r«=»nt th« light tnwarrl an 
15 opening Sla of an entrance slit Si. 

Denoted a-t 3 is a diffraction grating 
which functions to direct light of a predetermined 
w^vr1 ftngth , out of* thR light from th« opening 551a 
of the entrance slit 31, toward an opening S2a of 
20 an exit slit £2 . 

Denoted at 4 is a post-mirror (curved 
surface reflection mirror? for directing light 
from Uie opuiiixxy S2a of Lhta hai L all L S2 , Loward a 
diffraction grating 5, 
25 The diffraction grating 5 diffracts 

light from the poe,t-mirror 4. Among the 
diffracted light,, zero-th order light is directed, 
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as signal light, toward a sample Sa placed on a 
sample stage for reflectivity mcacuremcnt, while 
diffraction light of orders other than tho zoro-^h 
ordar is diroct^d toward a condensing th1 rror 6 
5 reference iight. 

Reflection light from the sample Sa is 
received by a second detector 8, and light from 
the condensing mirror 6 is rdceivad by a 
monitoring (reference light detecting) first 

10 UeLecLur 7. The components 5, 6 and 7 are 
constituent elements of the incident light 
intensity monitor MO. 

Before explaining the • measuring device 
of the first embodiment shown in Figure 1, the 

IS optical function for dividing tho inoidont light 
into reference light and signal light by use of 
the diffraction grating 5 while cousiaLen Lly 
assurincr a constant intensity ratio between them, 
and then for dirooting tho light to tho 

2 0 phocodetector , will bo doscribod. 

Figure 7 is a schematic view of a 
it;f lection type ^lauw Uif £l ctuLiuii gidliuu. Whwrw 
the groove interval of the diffraction grating 5 
ia d, the wavelength of the light LI is X, the 

2b incidence angle is a, and the diffraction angle is 
P, the relation of equation (1) below applies. 

dx (sinp-singt) - naA , . . (l) 



where m is Lhe diffraction order &nd it takes an 
integral value. 

If m-0, it means the case of zero-th 
order light -and, in that occasion, ct—p . Namely , 
the incidence angle is equa^ to thR diTf racLion 
diiylfcd, and it is equivalent to mirror reflection 
with respect to the surface of the diffraction 
grating 5. Thie situation is independent trom the 
wavelength, as clearly seen from the equation. 
This is called zero-Lh order diffrdctiun. 

In this embodiment, diffraction light 
of an order m— 0 ie projected upon the sample. 
Diffrar.tinn light, of any oth«r nrdftr may b« u.se»d 
to perform the sample measurement. On the other 
hand, where diffraction light of an order other 
than zoro-th order of the diffraction grating 5 is 
projected upon the sample,, there is a possibility 
that the projected position on the sample changes 
due to the wavelength of the diffraction light and 
ii the property of the sample is not uniform along 
it* ?nrf^c«, an error may result from the 
dilf«rttiic«. FurLliwr, for raf lacLivi Ly xueas iirwinen I. 
the incidence angle may change. If the sample is 
3mall , it is possible that the sample is not 
irradiated with light. For these reasons, as 
regards the light to be projected upon the sample, 
Tux- high-precision measurement iL is desirable to 
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uoc acro-th order light which do«9 not nansfi a 
change in angle* in depeudeuue upon the wavelength, 

la Lhfcf beam intensity monitor MO of 
this embodiment, diffraction light of an order 

5 other than the sero-th order from the diffraction 
grating b is ddtdctdd by a phoCod<?t<?Ctor, ^nri thfl 
beam intensity is measured. For example, if the 
order is 1, that is, m & l , the diffraction 
condition can be expressed by equation (2) below. 

0 dx(einp-sina) = A ... (2) 

Prom thi s Rcjuation, equation (3) can be derived. 

sin& - sinatA/d . . . (3) 

It is ueon from equation (3) that the diffraction 
anglo p of the first-order dirfr?crlon 1 i ght is 

5 dUTerauL, with the wavelength X. Figure 0 shows 
this relation. The calculation was carried out 
aeeuming that the groove interval d of Che 
diffraction grating is 1 vim fnd rhe Innlripnnp 
angle u ib 80 dey . Figure 9 illustrates the 

0 result of calculation of the diffraction 

efficiency of a blase type diffraction grating. 
Also in this example, it was assumed that the 
groove interval d of the d1 ffr^ction grating w^k 1 
urn ^nri tha innidflnr.o angle a was 80 deg . As 

5 regards the wavelength/ the calculation was 

carried out for two conditions of 10 run and 15 nm . 
It is seen that, -although the zoro-th order light 
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is di f f r<i ot ed »t tbp s^ttir angle even if thw 
waveleiiy Lh is different, the first crcier light io 
diffracted at different angles in d^^ndetnoc: upon 
the wavelength, 
b 'since th© diffraction angle £ of the 

first-order di f f rar.ti on lighL is diriarwat in 
dependence upon the wavelength A , if for example 
the first order diffraction light is directly 
projected upon the first detector 7 which is 

10 provided a t position spaced away from the 

diffracLion grating/ the incidence position .on the 
first detector 7 is different in dependence upon 
th© wavelength. Where the incidence position on 
rhp» ripf pntnr is nhRnrj«?ibl e wh«n l.he wav ttltdiig Lli Lo 

15 be used for the measurement is changed, there 

ariaea a pooeibility that the boam to be detected 
is not received by the light receiving surface of 
the detector, thus causing a failure of curreut 
detection. Further, in order to avoid it, a 

20 detector having a large light rcociving curfaac ic 
required, »nd this leads to a problem of increase 
in size and cost of the measuring device, 

In the beam intensity monitor WO of 
this embodiment/ in consideration of the above- 

25 described inconveniences , firot-ordcr diffraction 
light is reflected by a concave surraoe mirror i> 
trioreby to assure, that, «v<=m jf the w^vp] Angt.h of 
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light to be meaeurod changes, the light*, i 

incident at. a suhstanLidlly constant position upon 

i-.hfi liyUL rtiuwiviijy surface of the first detector 

f ?. 

£ More specifically, it. uses a condensing 

elomant which comprises a. concave Rnrfanfl mirror 6 
arranged so that its first focal point (object 
point) coincides with the incidence position of 
the diffraction grating 5 and itc second focal 

10 point (image point) coincides with the center of 
the light receiving surface of the first delecLur 
7. With this structure/ even if the wavelenqth of 
light to be meaeured changes , light is incident 
substantially at a constant position upon thR 

lb light jtwueiving surface of the first detector 7. 

The beam to be detected by the first 
detector 7 is not limited to first-order 
diffraction light. Tt rn^y n»=» rM ffrant i on light", of 
a debir«d order, as lam? as it is different from 

20 zero- th order. Also in that occasion, since the 

diffraction angle of diffraction light or an order 
other than zero-th order changes with the 
wavelength , the diffraction light i.s r«f IrcjI.p.cI by 
use of the concave surface mirror 6, thereby to 

25 assure that the light is incident substantially at 
a constant position upon the light receiving 
surface of the first detector 7 regardless of a 



nli^ngR in wavelength of light to be measured. 

A3 reqards reflection type diffraction 
gratings, diffraction gratings Jtnown in ^« »^t, 
such as blaze type or laminar typ« f for RxampltJ , 
may be used. The shape of iL may be selected so 
as Lu assure that the light intensity to be 
detected by the first detector 7 and the light 
intensity to bo projected upon the sample are at a 
predetermined ratio . 

Fiym-y 10 shows the result of 
calculation of the diffraction efficiency of a 
blase type diffraction grating, with respect to 
diffftrftnt blaze angles. The calculation was 
carried out/ assuming that the groove interval of 
th© diffraction grating is 1 pm, incidence angle oc 
is 80 dog. , and the wavelength is 10 nm. 

Iu Lliis embodiment, by means of the 
diffraction grating 5, the light is divided on the 
bacic of the optical property that zero-th order 
lignt and n-th order light consistently have a 
constant light intensity ratio even if Lhe liyhL 
in Lens! Ly of incident light changes. 

In the beam intensity monitor MO, it is 
desirable to distribute the light at an intensity 
ratio that enables best measurement precision. 
For example, where the reflectivity or a sample 
having a reflectivity of approximately 50% is 
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goi ng to bo mpasnrfld, the intensity uf light to be 
projected upon the sample may be set to about 
twice the intensity of the light to be projected 
upon the firet detector 7, and this may attain 
b highest measurement pradlslon. 

Thn diffr<ic:Lioii y rating 5 is not 
limited to blaze type, but any type may be used. 
Figure 11 shows the result of" calculation of the 
diffraction efficiency of a laminar type 
10 diffraction grating. The calculation was carried 
out, dwtf LUiiiug .that the groove interval d of the 
diffraction grating ic 1 uju, the incidence angle ot 
is bu dog. , the wavelength is 10 nm, the groove 
depth ia 90 nm, and the duty ratio is 0.5 > In 
IS laminar type diffraction gratings, similarly , by 
choosing optimum groove depth and duty ratio (the 
ration b<?tw«5>«3»n rh«? groove pitch and the width of a 
purLion other than Lhe grooved , since the 
diffraction efficiencies of respective orders are 
20 different/ boot Getting may be done to accurc 
highest measurement precision „ 

The functions of components shown in 
Figure 1 will now be ejcplained. 

Generally, the reflectivity of a 
2b mul tilayorcd film mirror Sa depends on the 

incidence angle ot light projected upon the mirror 
Sa . In consideration of it, in this emnodi men t , 
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sine© th^i plasm* 1 ight source 1 emits divergent 
liyhL having continuous wavelength, by using an 

1 optical systero, light being monoobromatic is 
directed onto the sample 3a yot at tho same 

b incidence angle. Tho pra-mirror 2 takes EUV liyhL 
from th<? light snurua l, and an image of the light 
source 1 is imaged upon an opening of the slit SI . 
The alit SI is provided horo and, by adjusting the 
eize or its opening, the size of the light source 

10 to b<? taVon 1k rRstricted. Since the diffraction 
yraLiuy 3 diffracts incident light at an angle 
which is changeable with tho wavelength, the slit 
S2 is provided at a downstream position to achieve 
spRr.r.ral selecLion. More specifically/ out of the 

15 light of continuous wavelength as emitted from the 
light source 1, light of a single wavoXongth is 
directed to th<s> si 1 t by use of the speciLroscope 

MC, Lhereby Lo e*.Lr<ACt measurement light. The 
diffraction grating 3 can be pivotally moved in 

2 0 uooordanoc with tho measurement condition, to sot 

its wavelength as desired or to scan tnp 
wavelength within * prndR l.erniinud width duriuy LhtJ 
measurement process. The components such as pre- 
mirror 2, slit SI, diffraction grating 3 and slit 
ib S2 , are conetituont dements of a known constant- 
deviation monochrome tor (spectroscope) MC. 

The post-mirror 4 hay a liyhL 
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collocting function, ^nrl i t serves to fox-m <sui 
image of the slit S2 upon the sample 5b. Thus , 
uullected and monochromatic light is projected 
upon the sample Sa to toe measured, The samplo sa 
b and the. photodetector S for dfitecting thfi 

intensity of ref 1 eoti nn lighL ar« uiuvicied on a 6 - 
2fi stage, and with this structure, the 
reflectivity of the sample Sa can be mcacurcd. 
Since the pro-mirror 2, diffraation grating 'J and 
10 post-mirror 4 ar«s basad on total reflection in Lh« 
X-ray region, normal ly they are used in obliqfue 
incidence . 

For measurement ot the wavelength 
clopenrlenny of rRf] Rnt.i vi l.y uf Urn s*±iuplt* Sa , Lhe 

15 diffraction grating 3 of the spectroscope ia 

rotated while the positions of the slits SI and SI2 
are held fixed, and the w?v<?l <?ngth f>can 1s carried 
out and the wav«leng Lh of light Lu eiuiLLed from 

the opening G2a of the slit 02 is changed. 

20 In the laocr plaoma light oourac 1, the 

intensity of light to bo emitted changes when the 
temperature, density or surface stat© of the 
target changes. Also, even a small change in the 
intensity of laser for exciting the laser plasma 

25 cause3 a large change in the intensity of light to 
be emitted. In th,is embodiment , in consideration 
or it, ^ iDftaRiiremflnt error dufl to a change in 
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intensity of* light. «miLLed from the light source 1 
is corrected. To this end, an incident light 
intensity monitor MO io provided along a light 
path between the post-mirror 4 and the sample S* . 
b Frgure is an enlarged view or si portion of 
fignrp. 1, aftRr the dirrrau ti on grating 5. 

The incidence light intensity monitor 
MO shown in Figure 2 oomprieoe a reflection type 
plane diffraction grating 5, a concave and 

10 cylindrical siirfana mirror 6, and a first detector 
1. The plane diffraction grating 5 may be a 
diffraction grating of laminar or blaze type, 
having a groove interval of 0.5 iim. 

Light reflected by a concave-sur f ace 

lb toroidal mirror 4 is incident on the diffraction 
grating h, and zero-th order diffraction light is 
pro jecf^rJ upon thf=» Rrimple) 5»a . First-ord»r 
diffrdt; Liuii light is reflected by the cylindrical 
surface mirror 6, and it impingoo on the firct 
detector 7, The first detector 7 comprises a 
photodiode . 

Wh«re th« disLanc;« from Lhu dillrcicLiuii 
grating 5 (central point 5a) to the concave 
surface mirror C (central point 6a) i© Ll , and the 
2b distance from the concave eurtaoe mirror 6 
(central point 6a) to the first detector 7 
(opening 7a) is 1,2, the condition for assuring 



that .Light: having cli rr<?r<?n t- w^vr] ongths and being 
di ffrantfiri by Lhe diffraction grating 5 at 
di rrei/uu L angles is incident on the 3eune pooition 
upon the first detector 7, can be expressed by 
equation (4) below, 

1/L1+1/L2 = l/f ...(4) 
Tt follows from equaLiua (4) that, where LI L2 = 
200 mm, for example, the focal length f of the 
concave surface mirror 6 ie f « 100 mm. 

where "the curv^turo radius of the 
concave mirror 6 is Rl and the incidence ancle ie 
0 when they are considered in respect to a plane 
(X-Y plane) defined by two straight lines, that is 
an optica] avis of thR innidcsnL lighL and an 
optical axis of the reflection light of the 
concave surface mirror 6, then tho focal length £ 
of "the concave mirror 6 can be evpres serf by 
^qi^rion (5) bfll ow . 

f - (Rl/2)xcos (0) . . . (5) 

Thus, in the case of the abovc-dccoribcd oondition 
£ * 100 mm and e = &0 dog. , from equation (5) it 
follows that: Rl » 1152 mm. Namely, as regards the 
nnnnavR mirror 6, sucjh *l concave mirror as having 
curvature radius 1152 mm, when considered in terms 
of a plane (X-Y plane) defined by two straight 
lines of an optical axie (central axis) of 
incident light and s> n optical axl ,q (nftntral ^xIk) 
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of roflocted Tight- nf th« concdvfci mirror 6, may be 

ubed . 

Dy means of" the pQot-mirror 1 , the exit 
slit S2 and .the dit'traotion grating 5 are placed 
in a conjugate relation with each other. Further, 
fay means of thp. nnndp.nsiay mirror 6, the central 
portion of the diffraction grating 5 and the 
central portion of the firct photodetector 7 are 
placed in an approximately conjugate relation with 
each other. With this structure, iL is dssured 
that, regardless that monochromatic light emits 
from the exit olit S2 at various angloa, the 
reference light can be Incident on the same 
position upon Lhe yhuLodetector 7. 

As regards the curvature in rccpcct to 
a direction pcrpondiouXar to the above -de scri bod 
plane, it may be d<?t<?rmi n^ci to satisfy the 
condition LhaL Lhe beam reflected by the concave 
mirror 6 is -just received by the light receiving 
surface of the firct dotcotor 7. Since, m 
respect to this direction, there is no difference 
in diffraction single due to th« wavelwnyLh, iL iy 
unnecessary to provide a large light condensing 
function. 

Where the curvature radius it KU and 
the incidence angle is U when they are considered 
in rpg^rd to » pl,an« (perpendicular plane), which 
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is porpendi r.nlar t-.o a plane (X-Y plane) defined bv 
two straight lines of optical axeo of incident 
|. light and reflection light of the ooncave mirror 6 

and aleo which contains a normal to the concave 
b mirror at tho incidence point or th« light, Lh«n 
the fnnal l«nghh f wiLhia the perpendicular plane 
can be expressed by equation (S) below. 

f - (R2/2) /coc (9) ... (6) 

In the case of oblique incidence, th© focal length 

in r bPr.nTnps vary large , and Llit*r«=? is no large light 
condensing function in that direction. In 
consideration of it, a spherical mirror with R^=K1 
or a cylindrical mirror with R?=«=° may b» u.srcI . A.s 
regards the concave mirror C, a toroidal surface 

IS mirror or a revolutionally elliptical surface 
mirror may be used to assure that the light is 
r.ol 1 enter! exar.tly at th« light receiving surface 
uf Lhfcj first detector 7. The curvature radii Rl 
and R2 in respective directions, in that occasion, 

:iu may bo optimized in accordance with ordinary ray 
tracing method, for <?Y?mpl e . AT ternat i v«ly , a 
c:c3nc:av« mirror haviuy a r« vol u Liuxiall v 
asymmetrical curved surface may be used. 

In the foregoing description/ angular 

25 dispersion or the beam incident on the incident 
light intensity monitor MO is not taken into 
accounl. In an opLical syaLem actually for 
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measuring tnf* rftf lRctivi Ly , the beam is subjected 
Lu a converging function by means of the post- 
f mirror 4, such that light ic conocntratoci to a 

email region upon the samplo s*. Figure 3 is a 
b schemauc view, illustrating it. Tf hh« beiiiu 

innidflnt on Lh« incident light intensity monitor 
MO is a convergent beam, in the case of an optical 
system arranged co ac to eatiefy the condition 
that the light having different wavelengths and 

in b?1ng diffracted at dillereiil diiylbsi by the 

diffraction grating 5 is incident on the same 
position upon the detector 7, the light rays 
intersect with each other hflfor« they impinge upon 
Lhta firaL detector 7. Therefore, the sire of 

lb converqed light upon the detector 7 becomes large. 
In such occasion, the focal length f of the 
concave fiiirfanw condftnsing mirror 6 uiay be set to 
one longer than the focal length as determined by 
equation (7) , and the size of converged light on 

2 0 the detector 7 o&n be made small thereby. 

1/L.1 + 1/L2 = 1/f ... (7) 

HnwRVRr, in such casa, Lhuru ucuurb a ldryw chanu 
in light convergence position due to the 
wavelength scan. In consideration of it, a 

2b largest irradiation region upon the light 
receiving surface of the detector 7 may be 
considered while ♦Lakiiig iiiLo account bo LW the size 
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of convgrg^fi 1 1 ght and hhs chdiiue in convergence 
position with the: wavelength scan, and the focal 
length of the concave condcnoing mirror may be 
determined to minimise it. spooifically, 
optimization can be done in aocordanc* with 
ordinary T-ay traning inaLhud, Tor example. 

In the above-described example, the 
first order diffraction light of tho diffraction 
grating s of the incident light intensity monitor 
MO 1.mp1ngps on tho first deLecLur 7. However , the 
order is not limited to. this. Light of any 
desired order other than scro-th order may be used. 
Figure 4 is a schematic vi $w of a case wherein 
negaLive riraL urdur (-1) diffraction light of the 
diffraction grating is incident on the first 
detector 7. In the example wherein first-order 
diffraction light nf the dl f fraction grating 5 
iicipiiigeti on Lhe first, detector 7 , since the beam 
directed to the sample Sa pasaea behind the 
oonoavc-eurfaoo oondoneing mirror 6, the thickness 
of the mirror 6 should be made sm*ll . On the 
other hand, in the r.a.se wherein n«g* Live firaL- 
ordei" diffraction light of the diffraction grating 
5 enters the first detector 7 f the beam does not 
pass behind the condensing mirror 6. Therefore, 
thoro is no such limitation to the thickness of 
Lhe mirror 6. Th^is , Lha degree of freedom in 
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regard to thQ 'method of m^nnf^nfuri ng nr holding 
the* mirror is expanded. 

However , in any case, the liqht to be 
proiected upon the sample Sa muet be sero-th ordor 
diffraction light or the ditfraction grating 5, in 
ord«r to avoid a change in i nni rifinnR posiLion dua 
to a change i n wavelength. 

The sample chamber TR accommodates a 
atage for setting the sample at desired 

position and angle with rosp«?ct to tbp 1 nr.iriont 
beam, and a second detector 8 for luedsuiiuy Uiu 
intensity of light passed through the sample 6a or 
reflected by the surface of the sample. Also, the 
sample chamber is pro^ri d<?d with a fnnnfinn for 
evacuating the inside thereof into a vacuum, to 
avoid absorption of light. 

The second detector 8 may comprise any 
ordinary rifttflr.tnr, .sncsh as photoriiori«, r-hargR 
coupled type image pickup device (CCD) , micro- 
channel plate (MCT) ,, electron multiplier, or 
proportional counter, tor example. 

In this embodiment, the condensing 
mirror 6 may bo nmlLLed. In sucsh occasion, if L.hw 
position or angle uf the beaia emitted from the 
spectroscope MC changes, the incidence position of 
light upon the detection surface) of the detector 7 
also changes. In' consideration of it, in this 
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example, thR d«hecLur 7 may desirably be a 
detector having a sensitivity being uniform as 
much aa possible along tho detector surface, to 
minimise the measuromgnt error resulting therefrom. 

b Also, where a detector such as CCD ur MCP liavinu a. 
position resolviay ability is used, the 
sensitivity of the detector may be measured 
beforehand ac a function or the beam incidence 
position, such that, on the basis of thR light 

0 intensity value medsured in actual measurement and 
oT the corresponding incidence position, 
sensitivity correction can toe carried out in 
accordance with thR function obtained beforehand. 
This enables further enhancement of the 

5 measurement precision. 

The reflectivity measurement of the 
$?iTnpl r s» is carried out in acuurdance with the 
following procedure. First, without a sample Sa 
introduced, the light intensity is measured by use 

0 of the eocond detector 8. The value obtained here 
is denoted as S120. SlimjltanRously, Lhca liyliL 
intensity is daLauLud by usie uf Lhe first detector 
7, The value obtained is denoted as 3110. 

Subsequently, with a sample Sa 

b introduced, the intensity of light reflected fc»y 
the sample is detected by use of the second 
de tec Lor 8. Th« valued obtained is denoted as 
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3121. Simultaneously, the light intcncity is 
detected by use of the first dot«ctor 7 of tb<? 
incidenco light intonsity monitor MO. Tbn valut? 
otat «a 1 nerf , i a . dRno tad as Sill- 

Tim iefl*ctivity R of the a ample can be 
calculated in accordance with equation (8) below, 

R = <S121/S120)X(S11U/S111) ..-(8) 
The second term ^S110/S1 "3 1 " in Rqnahinn (8) is Tor 
nnrrflntion of a change in light intensity of the 
1 ight source . 

Tho abova-dascribed measuremsnt is 
carried our repe* t <?<i 1 y , whi 1« changing the angle 
of the dirfx^ciaLion grating 3 of the spectroscope 
MC and thus changing the wavelength of the light 
projected upon the sample Sa. with the sequential 
mRasurfimftnt opera Lion , Lhe wavelength dependency 
R(M of the reflectivity of the sample Sa can be 
measured very precisely. 

As an alternative procedure, the 
fnHnwIng m^fhnrl m^y bp* ^rioptfid. First, without a 
sample Sa introduced, the wavelength scan is 
carried out, and the light intensity is measured 
by uec of tho eccond detector 8 , The value 
obtained is denoted as S12U(X) . Simultaneously, 
the light intensity is rifitRr.tRri by usr of l.hR 
rirt>L deLecLur 6 uf Llie incidence light intensity 
monitor MO. The value obtained is denoted as 
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sit 0(A). Subbequently, with a sample Sa 
introduced, the wavelength scan is porformcd, and 
the intcnoity of light rorloctod by the s^mpT o &a 
is cLQtectod .by use of the s«nond dQtecLor 8 . The 



5 value obtained i6 do no Led. S121CA). 

Simultaneously, the light intensity is detected by 
use of the first detector 6 of" tho incident light: 
intencity monitor MO. The value obtained 1r 
denoted as Sill (A) . 
to The wavelength dependency t*(A) o£ the 

reflectivity of the sample Sa can bo calculated by 
equation (9) below. 

R = [S121 (A) /S120 <A) JxTSllO (A) /Sill (A) J 

... (9) 

15 The second term ^SllO (A) /Sill (A) " in equation (9) 
is tor correction of a? change In light intsnsiLy. 



position of incidence liq-ht, the angle of 
incidence light, the shape ox" incidence light, or 

20 tne size of incidence light, for evampl f» , changers 
with rpsp«f!t to the incident light intensity 
muniLur, LUbi incidence light can be divided by the 
diffraction q-ratino; 5 consistently at a conetant 
proportion, ouch that ono boam is projected upon 

25 the sample $a while the other beam is ref 1 p.ntRd by 
a concave condensing mirror 6 and theraafLer it> 
frujeuLyd approximately at the same position upon 




In Lhia ejribodiment , even if the 
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the light receiving .surfsce of Lhe detector 7 , 
rey ardletis of the wavelength. As a result/ a 

. change in the intensity of incident light, being 

projected upon the sample Sa, can bs measured very 
b accurately by means or the incident Tight 

intensity monitor MO. Wx Lh this optical device, 
even IT Lher^i occurs a change in intensity of 
licrht emitted from the light eouroe 1 or. a change 
in the optical elements 2 and 3 of the 

10 spectroscope MC, for example , sucli chauy^ can be 

conecLe4 accurately. Thus , the characteristic of 
the sample 8a such ao reflectivity or 
transmissivity^ for example, c^n r>« mfiasnred very 
prRnisRly . 

IF? Furthermore, since the Qcimplc Sa ie 

irradiatod with 2ero-th order diffraction light, 
being diffracted by rhf* diffraction grating 5 of 
the incident light intensity monitor MO, there 
does not occur a change in incidence position or 

2 0 angle in depondenoo upon the wavelength. 

Therefore, the sample S'a can be me* St) red under the 
same condition. Thus , th«r« arw advan Lay ttuuy 
effects that the measurement precision is high and 
that even a small sample Sa can be measured. 

25 

[Embodiment 2 J 

Figure* 5 is a schexrtaLic view of a main 
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portion of a second embodiment of the proeent 
invention. Figure 5 illustrates a device for 
mcacuri ng the charactoristic of a s^TTipIp on the 

basis of phptoelectron speuUubuopy , 

Th« plio Luelectron spectroscopy is a 
method of measuring energy spectrum of 
photoelectrona, emitted by external photoelectric 
sttQct in r^jponga to irradiating a sample Sd 
placed in a vammm with high-energy monochromatic 
liyht. Figure 5 illustrates a main portion of" a 
measuring system of a photool^ctron spectroscope 
MC, As major components, the dQvir.o comprises a 
plasma light source 1, a spectroscope Mc , a rotary 
stage, and a photoelectron energy analyser TR. 

Light from the light: source 1 is marie 
into monochromatic light by Lh« spectroscope MC, 
under the structure similar to that of the 
reflectivity measuring device of tho first 
embodiment, and Che light is projected upon fhp 
sample Sa through sin 1 nr.ldpnt light. intensiLy 
moni Lux* MO. The light emitted from the sample Ca 
is detected by a photodetector 8 and, by analysing 
the result by use of computing means S>, 
information peculiar to the sample i>a is obtained. 

Figure 6 is a schema tin vl«w of Lh« 
incident, light intensity moai Lor MO of the optical 
device according -to the second embodiment. 



- 33 - 



The light rofloctdd by a post-mirror 4 
impinges on a tr?n sm i k r± on typ« plane dif f r&ction 
gr^t-ing 5a, and zero- Lh order diffraction light 
passed through the grating straight ia projcotcd 
upon the sample Sa . Firct-ordcr diffraction light 
(m-1) ie reflected by a cylindrical surface ttii rror 
fc, and it enters a first detector 7. The firaL 
d« Leu Lux- 7 comprises a photodiode. 

In accordance with the second 
embodiment, even if the position of incidence 
light, the angle of incidence light , the shape of 
incidence liyht, or th& size of incidence light, 
for example, changes with respect to the incident 
light intensity monitor, the incidence light nan 
b« divided by the "transmission type dirfracLioix 
grating 5a consistently at a constant proportion, 
such that one beam ie projected upon the sample Sa 

while the other beam is reflected by a concave 

« 

mirror 6 and thereafter is projected approximately 
at the same position upon the light receiving 
surface of the detector 7, rogardloee of the 
wavelength. Ae a result, a change in intensity of 
the beam (light) , being projected upon th© sampl 
sa, can be measured very accuratRly by means of 
the incident light intensity monitor MO, With 
this optical device, even i£ there occurs a change 
in intensity of light emitted from the light 
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couroc 1 or a chango in the optical element of r.h« 
spQCtroscope Mr. (a change in position or optical 
r.h^rar.tarisLic thereof \ , for example, such change 
can be corrected accurately. Thus, the 
characteristic of the camplo such as 

photoelectron spectrum, for example, can 
measured vory precisely. 

Furthermore/ since the sample Sa is 
irradiated with zero th order diffraction light, 
being diffracted by the diffraction grating 5a of 
the incident light intensity monitor MO, there 
does not occur a chancre in incidence position or 
angle in dependence upon the wavolcngth, 
Tnorororo, rho sample sa can be measured unclpr the 
same condition. Thus, there are advanLagtaous 
effects that the measurement precision is high and 
thdt oven a email sample Sa can be measured. 

The beam intensity monitor according to 
hh« presenL inven Lion uau be applied to any device, 
provided that it is arranged to proiect X-rays 
(soft x-rayo) to a cample and to perform tho 
samplo measurement on the basis of detecting the 
light (electromagnetic wave) reflected tvy or 
passed through the sample*. For wx«uuul«, LI ltd 
invention is not limited to reflectivity measuring 
devices or photoelectron spectroscopes, but it can 
bo applied to various devices where spectral 
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measurement io to be done , such as reflection typ« 
XAFS , fluorescence xafs, X-ray smal 1 -angrle 
scattering, snft X-ray spectrometer/ X-rav 
dirfraation XPS , AES, RHEED, REED, and the like. 

'While the invention has been doscribed 
with reference to the structures disclosed herein, 
it is not confined to the details seL forLh and 
rni pt applir-ation is intended to cover such 
modifications or chevnores as may come within the 
purpooeo of tho improvements or the scope of the 
following claims. 



